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ABSTRACT 

The time dependent e f f e c t s  of non cons t an t  thermal c o n t a c t  
conductance systems a r e  considered. I n  a d d i t i o n  t o  a genera l  d i scuss ion  
o f  t h e  approach t h a t  i s  t o  be used on t h i s  new p r o j e c t ,  some r e s u l t s  o f  
s imulated experiments a r e  presented.  

INTRODUCTION 

The r e c e n t  s t u d i e s  o f  contac t  conductance have been con- 
cerned p r imar i ly  with the  s teady  s t a t e .  It i s  the  purpose o f  t h i s  
p r o j e c t  t o  cons ider  var ious  types of time dependent problems when con- 
tacts  are p resen t  dur ing  a hea t  t r a n s f e r  process .  
he lp  us p r e d i c t  the  p r a c t i c a l  consequences of con tac t  conductance changes 
a s  w e l l  as having some p o s s i b l e  con t ro l  a p p l i c a t i o n s .  

This knowiedge may 

A t  t h i s  s t a g e ,  we are planning and bu i ld ing  systems f o r  
vary ing  the  c o n t a c t  conductance i n  two ways. I n  the  f i r s t ,  we expec t  t o  
vary  the  ambient p re s su re  i n  a system which i s  a t  s t eady  s ta te .  I n  the  
second method, the  con tac t  pressure  i n  a system which is a t  s t eady  s ta te  
w i l l  be r a p i d l y  changed. 
p r a c t i c a l  way t i e d  i n  wi th  our  planning o f  t he  f i r s t  phase,  is t he  
computer s imula t ion  o f  experiments.  
t h a t  t h i s  progress  r e p o r t  i s  concerned. 

Another phase o f  our  c u r r e n t  work, and i n  a 

It is  wi th  t h i s  phase o f  our  s t u d i e s  
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COMPUTER SIMULATED EXPERIMENTS 

The purposes of our  computer s imulated experiments  are f i r s t  
t o  he lp  u s  b e t t e r  p lan  the experiments which w e  w i l l  be ca r ry ing  o u t  and 
second t o  s tudy the  ope ra t ing  v a r i a b l e s  t h a t  a r e  p e r t i n e n t  t o  t h i s  
problem. The computer problem i s  divided i n t o  th ree  p a r t s .  The f i r s t  
p a r t  ( t h e  only  one r epor t ed  i n  t h i s  study) i s  concerned wi th  a number 
o f  one-dimensional hea t  t r a n s f e r  problems where the con tac t  conductance 
i s  suddenly var ied .  The second p a r t  i s  concerned wi th  the  flow o f  f l u i d s  
i n  the  i n t e r s t i c e s  o f  con tac t s .  This work, r epor t ed  b r i e f l y  by Aaron 
and Blum ( l ) ,  i s  being modified and expanded. The t h i r d  phase of the  
computer work w i l l  be concerned w i t h  two-dimensional h e a t  t r a n s f e r  
problems where c o n t a c t s  are p resen t .  

I n  the  one-dimensional experiments,  we s ta r t  wi th  the  system 
a t  cons t an t  temperature,  suddenly change the  temperature o f  one end, and 
p r i n t  o u t  d i s t ance  ve r sus  temperature a t  d i f f e r e n t  times. This  i s  done 
u n t i l  s t eady  s t a t e  i s  almost reached. A t  t h i s  p o i n t ,  the  con tac t  con- 
ductance i s  suddenly changed t o  s i m u l a t e  a decrease i n  the  ambient 
p re s su re .  I n  ou r  experiments ,  t h i s  change w i l l  no t  be sudden s i n c e  i t  
w i l l  be l imi t ed  a t  l e a s t  i n  p a r t  by the  a b i l i t y  o f  t he  vacuum system to  
reach  low pressures .  Af t e r  the  contac t  conductance i s  changed, the  
temperature  i s  p r i n t e d  o u t  aga in  as a funct ion  o f  d i s t ance  a t  va r ious  
times u n t i l  a new s teady  s t z t e  cnndi t ion  i s  reached. 
t h e  c o n t a c t  conductance is  re turned  to  the  o r i g i n a l  condi t ion  which docs 
s imula te  our  experimFnts inasmuch a s  when the  s t eady  s ta te  condi t ion  is  
reached a t  low pressures, w e  w i l l  a l low the  gas  t o  e n t e r  the  system 
r a p i d l y .  When the  f i n a l  s teady  s t a t e  cond i t ion  i s  reached, the  ex- 
periment w i l l  be considered a t  an  end. 

A t  t h i s  po in t ,  

The v a r i a b l e s  which a f f e c t  the  r e s u l t s  are (1) the  con tac t  
conductance v a r i a t i o n ,  (2) the  types .of  m a t e r i a l s  used, (3) the  
l e n g t h  o f  the  m a t e r i a l s  used,  (4) the  arrangement o f  the  materials. I n  
ou r  a c t u a l  experiments ,  we i n t end  t o  use c y l i n d e r s  6t least  i n i t l a l l y . ) .  
The computer program i s  a r e l a t i v e l y  simple one i n  which w e  make use o f  

d i  f f e r e n  t i a l  e qua t i o n .  
t h e  e x p l i c i t  method f o r  so lv ing  numerically the  appropr i a t e  p a r t i a l  

Figure 1 shows the  e f f e c t  o f  a sudden change i n  con tac t  
conductance on the  temperature d i s t r i b u t i o n  on an aluminum-thorium con- 
t ac t .  Since both the ho t  and cold materials are o f  the  same l eng th ,  t h e  
e f f e c t  of mate r i a l  p r o p e r t i e s  i s  ev ident .  Aluminum i n  t h i s  case  r e p r e s e n t s  
t h e  h igher  temperature po r t ion  of  t he  system. Figure 2 shows the  e f f e c t  
o f  imposing a sudden temperature change f o r  t h ree  systems. 
occur s  a s  would be expected when the aluminum is  exposed t o  the  h igher  
temperature.  This  f i g u r e ,  t he re fo re ,  shows the  e f f e c t  o f  m a t e r i a l s ,  t he  

The overshoot  
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e f f e c t  o f  the  placement o f  t he  m a t e r i a l ,  and i l l u s t r a t e s  t he  ex i s t ence  
o f  t he  overshoot  i n  temperature drop across  the  contac t .  This is a 
phenomenon which we w i l l  be s tudying c a r e f u l l y  dur ing  t h e  experimental  
phases o f  t h i s  work. In f igu re  3, there  a r e  two major p ieces  o f  
information f o r  a given system ( the  aluminum-stainless s teel  system). 
The t i m e  t o  reach  s teady  s t a t e  i s  p l o t t e d  a g a i n s t  t he  con tac t  conductance 
and the  peak temperature drop a c r o s s  the con tac t  which was j u s t  d i s -  
cussed i s  p l o t t e d  as a func t ion  of the con tac t  conductance. 
t h a t  the  s tudy  o f  the  na tu re  o f  the peak ( f o r  example, the magnitude 
and the  t i m e  a t  which the  peak occurs)  should prove t o  be h e l p f u l  i n  
understanding t r a n s i e n t  e f f e c t s  

We th ink  

We are i n  the  process  of extending t h i s  series o f  s imulated 
experiments  t o  cons ider  the e f f e c t s  of d i f f e r e n t  l eng th  samples wi th  
t h e  o b j e c t  o f  ob ta in ing  genera l ized  c o r r e l a t i o n s  f o r  one-dimensional 
flow t h a t  w e  can l a t e r  compare wi th  the experiments.  
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Wlth s o l i d  materials In bteriaoe: 2, 14, 19, 31, 32, 33. 

With surface roughness data: 2, 3, 14, 18, 19, 20, 27,  28, 33. 

T i t h  aontaot pressure data: t ,  3, 5 ,  18, 19, 20, 8 3 ,  28, 38. 

With diss imi lar  m e t a l  aontaota: 2, 10, 18, 28, 31, 32, 35, 36. 

- 

TABLE I 

CONTAOTS IN !EIB PRBSBJCE OF CONDUCTING FLUIDS 

In a i r :  2, 3, 10, 14, 15, 16, 18, 19, 80, 8 7 ,  28, 33, 36. 

In o the r  gases: 18, 27 ,  31, 32, 34, 35. 

With liquids In interfaces: 18, 80,  28, 30, 33, 36. 

With surraos paranreter theory or oorre1atSana: 3, 6 ,  18, eo, 21, 23. 

With ne813 temperature l eve l  efieote: a, 14, 15, 87,  31, 33. 
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- 
In a i r ;  I, 4, 7 ,  8, 9, 11, 28, 25, 89, 34, 35, 

In other gases: 13, 18, 31, 

Ulth s o l i d  material e t  interraae: 4, 7 ,  13, 17, 20, B e  

With surface roughness data: 4, 7 ,  9, 11, 22, 

With oontact pressure data: 4, 5, 7 ,  0, 9, 11, 22, 29, 

W i a  disalmflar metal oonteats: 13, 18, 31. 
1 

With surfaoe parameter theory or oorrelatla~s: 4, 7 ,  18, 22, 34, 35, 

_-- - 

- 

1 
Wlth mean temperature level  effeots: 4, 17, 22, 25, 29, 
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